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ABSTRACT A new combination of repellent with camouflage face paint was evaluated on
volunteers against the mosquitoes Aedes aegypti (L.) and Anopheles stephensi (Liston) in
an environmental chamber under three climatic regimens: tropical open, tropical forested,
and hot dry environments. The duration of protection varied significantly among different
climates. The camouflage face paint with diethylmethylbenzamide (deet) provided 95%
protection from mosquitoes for 4 h, except under tropical open climate, where it provided

only 2 h protection.
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IN FIELD SITUATIONS, topical repellents are an eco-
nomical and practical means of preventing the
transmission of arthropod-borne disease. In a con-
tinuing effort to reduce manpower losses caused
by arthropod-borne diseases, the Letterman Army
Institute of Research is studying various means of
incorporating repellents into topical lotions and
creams to enhance effectiveness, persistence, and
user acceptance.

The insect repellent currently issued by the U.S.
Army (NSN 6840-00-753-4963) cannot be used with
the currently issued camouflage face paint because
the repellent is a solvent that causes the paint to
run. For this reason soldiers using the face paint
cannot be protected against biting insects. A new
camouflage face paint-repellent formulation using
N,N-diethyl-m-methylbenzamide (deet) is under
development by the Army to replace the two in-
compalible items.

The camouflage face paint—repeéllent formula-
tion contains three additives in addition to the face
paint colors and the insect repellent. These addi-
tives are tale, ceresine wax, and a heavy, viscous
mineral oil. A possible collateral effect of the ad-
ditives would be sustained release of the repellent
component (Reifenrath & Rutledge 1983, Mehr et
al. 1985, Gupta et al. 1987). They also could en-
hance the cosmetic properties of the paint and user
acceptance of the product.

The study evaluated the camouflage face paint—
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Human subjects participating in this study gave free and in-
formed voluntary consent.
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repellent formulation against mosquitoes §
chamber under simulated tropical open, tro
forested, and hot dry environments.

Materials and Methods -

The insects used in this study were a yellow fev
vector, Aedes aegypti (L.), obtained from the U
versity of California at San Francisco, and a m

“laria vector, Anopheles stephensi (Liston) 4

tained from the Walter Reed Army Institut
Research, Washington, D.C. Mosquitoes we
reared and maintained at 27 % 3°C and 80 + 10
RH undera 12:12 (L:D) photoperiod. Larvae we
reared on a diet of Joating catfish food {Continet
Grain, Chicago). The adults were maintained:’
10% sucrose solution. The mosquitoes used we
nulliparous females between 5 and 15 d old
The test method used was a modificationof
American Society for Testing and Materials {AST
standard E951-83, “Standard Methods for Lab
ratory Testing of Non-Commercial Mosquito R
pellent Formulations on the Skin.” The camouflag
face paint-repellent formulation containing 20"
deet was supplied in an olive drab compact co
taining four colors: loam, sand, white, and gree:
Compacts containing the camouflage face pain
without repellent were tested for comparison. A
colors of both compacts were tested for 12 h unde
three climatic regimens: (1) variable high humidit
(tropical open}, 30°C for entire 12 h with 78% Rl
for the first 6 h and 98% BRH for the last 6 h; (2
constant high humidity (tropical forested), 24°
with 97.5% RH; and (3} hot dry, 87°C with 381
RH for the entire 12 h. :
The paint-repellent formulation was applie
evenly to the forearms (flexor region) of four vo
unteers. Fach forearm was treated with one of th
eight different color and repellent combinations o
the formulation. One additional volunteer server
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Table 1. Mean number of bites (£ = SE) by de. aegypii
over 12-h peried

Climatic regimen

Treatment Constant high Variable high H
humidity humidity ot

No treatment

{control}* 85+ 051 140x08s 144+ 0Qla
Face paint with

no deel 10.5 = 0.7a 12.6 = 0.4a 14.2 + 0.2a
Face paint with

deet? 20+07 60=08b 77+ 06b

Means followed by the same leiter in the same column are not
significantly different.

2 Mean number of bites recorded at seven time periods x 2 test
days.

b Mean number of bites recorded at seven time periods X £ test
days x four face paint colors. There were no significant differences
among face paint colors.

as untreated control, testing one species of mos-
quitoes on each arm. A record was kept of the
amount of each paint color applied on each arm.
Volunteers were instructed not to rub, scratch, or
wash the treated areas for the duration of the test
period.

At the start of the test, a plastic cage (4 by 5 by
18 cm) containing 15 mosquitoes was bound to the
forearm with Velcro tape, and a slide was with-
drawn to expose the treated skin to the mosquitoes.
The number of mosquitoes biting was recorded at
the end of 90 s. The slide was then closed, and the
test was repeated with the second species of mos-
quitoes. This procedure was repeated every 2 h for
12 h using a fresh cage of mosquitoes each time.
Thus, seven tests of each species of mosquito were
conducted on each formulation at 0, 2, 4, 6, 8, 10,
and 12 h after application on the skin. The test
volunteers stayed in the environmental chamber
for the entire 12 b except for brief periods allowed
for meals and use of the lavatory.

Assighment ofsthe test subjects” arms to the eight
treatments (four colors of formulation with deet
and four with no deet) was at random on the first

Table 2. Mean number of bites (£ + SE) by An. ste-
phensi over 12-h period

Climatie regimen

Treatment Constant high Variable high Hot
humidity humidity 0

No treatment

{control}® 6.4 + 0.8a 0.4 + 0.la 49 x 0.6a
Face paint with

no deet? 83 + 0.5a 9.3 + 0.3z 6.4 = 0.9a
Face paint witk

deet? 09 +02b 29+03b 1.7zx03b
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Means followed by the same letter in the same column are ot
significantly different.

@ Mean number of bites recorded at seven time periods x 2 test
days.

% Mean number of bites recorded at seven time periods X 2 test
days x four face paint colors. There wereno significant differences
among face paint colors,
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Fig. 1. FEffectiveness of camoullage face paint-re-

pellent formulation against An. stephensi in three
climatic regimens. (O O) constant high humidity;
{A——-n5) variable high humidity; and (@----- ®) hot
dry.

day of testing under each climatic regimen. The
test was repeated with the same climatic regimen
on the next day. The same arm received the same
color of formulation with deet and with no deet
on alternate days. The control was rotated in a
random order.

Statistical Analysis. A four-way analysis of vari- -
ance was done on the number of bites recorded
using the Biomedical Data Program {BMDP2V)
statistical package (Dixon et al. 1983) to check for
significant differences among the formulation colors,
climatic regimens, deet/no deet treatment, and time
(hours after application of formulation) at 5% level
of significance. The percentage of repellency was
determined from the total number of bites on the
control and treated test volunteers by Abbott’s for-
mula {Abbott 1925).

Results and Discussion

The average (+SE) weight of formulation colors
with deet applied by the individual volunteers to
their forearms {flexor region) was 1.48 % 0.02 mg/
cm?, The weight of formulation color with no deet
was 1.07 £ 0.01 mg/em?

Tables 1 and 2 summarize the mean biting counts
of Ae. aegypti and An. stephensi, during the 12-h
test period under the three climatic regimens. In
our study, we chserved an overall mean biting rate
of 8.30 bites/min for Ae. aegypti and 4.96 bites/
min for An. stephensi in controls. Because the area
of skin exposed in the test was 33 cm’, this is equiv-
alent to a biting rate of 125 bites/min per forearm
(500 cm? skin) for Ae. aegypti and 75 bites/min
per forearm for An. stephensi for subjects using
no deet, There were no significant differences be-
tween the number of bites on the control subjects
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Fig. 2. Effectiveness of camoufiage face paint-re-
pellent formulation against Ae. aegypti in three chi-
matic regimens. {O O) constant high humidity;

®) variable high humidity; and (A - -—2) hot

and the subjects using the four different camouflage
face paint colors with no deet.

In the case of An. stephensi, the analysis of vari-
ance indicated that three main effects {climate,
deet, and post-application time) and three inter-
actions {post-application time x climate, deet x
post-application time, and deet x post-application
time x climate) were significant at the 5% level.
The significant three-way interaction indicated that
the effectiveness of the formulation with deet var-
ied significantly with the type of climate and the
time interval after application. The formulaticn
with deet provided significantly greater protection
than the formulation with no deet. The formulation
with deet provided 95% or better protection for 4
h under all climatic regimens (Fig. 1).

The analysis gf variance of the data for Ae.
aegypti showed<that the three main effects (cli-
mate, deet, and post-application time) and two in-

_ teractions (post-application time X climate and deet
X post-application time % climate) were signifi-
cant at the 5% level. The significant three-way
interaction indicated that the effectiveness of the
formulation with deet varied significantly with the
type of climate and the time interval after appli-
cation, The volunteers using the formulation with
no deet received as many bites as did the untreated
controls, indicating that the formulation with no
deet does not provide any protection against ros-
quito bites. The formulation with deet provided

signilicantly greater protection than the one wity
no deet. The formulation with the deet providei]
95% or greater protection for 4 h under constan;
high humidity and variable high humidity as cg
pared with only 2 h under the hot climatic regime;
{Fig. 2). '
Although the formulation with deet providad
substantial protection for 12 h, it was not mege
than 95% effective for more than 4 k. Under th
hot dry climatic regimen, both species were 4
tracted to the formulation with deet. This effect
occurred most often in the late hours of testiﬁg
when the residue on the skin was presumably lovw:
The attractancy of low residues also has been o
served in other laboratory (Z. A. Mehr & L.CR
unpublished data) and field studies (Gupta et af
1987). :
The camouflage face paint with deet provided
95% or greater protection for 4 h under varigus
climatic regimens tested except under the hot dry
climatic regimen, Combining deet in camouflag
face paint is an idea that may reduce noncomb:
casualties, but its protection is relatively short y
der the severe climatic regimens tested. Howeve
the effectiveness of a camouflage face paint-r
pellent formulation with deet is still to be evaluate
under field conditions for protection and troop a
ceptability. In the past, deet has provided longe
protection under field conditions than under th
climatic conditions used in this study. '
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